Introduction
Dilated cardiomyopathy (DCM) is one of the leading causes of systolic heart failure, particularly in younger patients [1] . Dilated cardiomyopathy remains the diagnosis leading to more than half of all heart transplantations [2] . It has been reported previously that significant inflammatory infiltration (i.e. myocarditis) is present in the myocardium of about one half of patients with DCM [3] [4] [5] . In such cases, the condition should be called inflammatory cardiomyopathy (ICM). Myocarditis and ICM can be caused by a variety of infectious and non-infectious conditions [6, 7] . In developed countries, viral infections are considered to be the main etiological factor. Results of trials focused on bioptic diagnostics have shown that viral nucleic acid can be detected in 44-67% of patients with DCM [4, 5, 8] . Recently, parvovirus B19 (PVB19) and also herpes virus type 6 (HHV-6) have been the most commonly detected pathogens in the myocardium [4, 5, 9, 10] .
Current understanding of the pathophysiology of viral myocarditis is derived from murine models of enteroviral myocarditis and consists of three distinct phases [11] [12] [13] . The acute phase is characterized by direct viral cytotoxicity and the innate immune response. The second subacute phase is associated with a specific immune response, which could have autoimmune features based on the exposure of intracellular antigens and immune cross-reactivity (molecular mimicry). The third phase could be healing when left ventricle (LV) function recovers (in 50-70% of cases), or evolution in noninflammatory DCM. It is questionable whether this course of myocarditis is the same with other viruses, especially with those that do not primarily affect the cardiomyocytes (e.g. PVB19 causes inflammation in endothelial cells) [14] .
Another very interesting but at the same time rather confusing fact is that the presence of viral agents is not limited to patients with LV dysfunction but it is often also found in patients with normal ejection fraction who undergo cardiothoracic surgery [10, 15] . Currently published data concerning the impact of viral genome presence in the myocardium are based mainly on follow-up data after initial single diagnostic biopsy. According to some studies, the viral presence is related to poor prognosis [16, 17] but other trials have not proved this association [4, 8] . Besides that, the importance of viral persistence (thus not only of simple presence) in the myocardium is less convincing. There are very few studies addressing this issue that indicate that viral persistence is linked with worse prognosis [17, 18] . All considered, it is still uncertain how close the relation between viral persistence in the myocardium and progression of the disease to DCM is.
The aim of this study was to evaluate the presence of the viral nucleic acid and its changes in patients with ICM in a 6-month follow-up. The evaluation of these changes was performed in a group of patients with standard heart failure therapy and in patients with immunosuppressive medication added to the standard treatment. We focus mainly on the group with standard heart failure treatment only, and we assessed the persistence of the viral genome and its relation to the changes in the echocardiographic and laboratory (especially natriuretic peptides) parameters and functional outcome, as well as on the change of the number of inflammatory cells in the myocardium.
Material and methods

Patients
Between February 2010 and February 2015, a total of 191 patients with recent-onset DCM were admitted to our institution for initial evaluation. This also included endomyocardial biopsy (EMB) to rule out inflammatory etiology of LV dysfunction. We enrolled 54 patients (41 males and 13 females) with biopsy-proven myocarditis and LV dysfunction confirmed by echocardiography (LVEF < 40%). All of them had to have a history of heart failure symptoms shorter than 6 months and a completed 6-month follow-up. Patients were divided into two groups according to the administered medication. The first one was receiving standard heart failure medication only according to current guidelines [19, 20] . Patients in the second group received immunosuppressive therapy (combination of azathioprine 2 mg/kg/ day and prednisone in initial dose 1 mg/kg/day with step decrease; immunosuppression was administered for 3 or 6 months) on top of standard medication (these patients were included in the randomized clinical trial with immunosuppressive therapy CZECH-ICIT (ClinicalTrials.gov Identifier: NCT01877746) [21] ). All patients signed informed consent and the study protocol was approved by the local ethics committee.
Patients with coronary artery disease, significant primary valve disease, excessive alcohol intake, administration of cardiotoxic chemotherapy, tachycardia-induced cardiomyopathy or endocrine disorders possibly associated with cardiac disease were excluded.
Methods
At the baseline visit, all patients were clinically examined, their functional status was assessed according to the NYHA classification and routine laboratory tests including natriuretic peptides in serum were done. EMB was performed via the jugular vein under local anesthesia, so the samples were obtained from the right ventricle only. Four samples were obtained for histological and immunohistochemical analysis, and another six samples were tested using real-time polymerase chain reaction (PCR) for detection of potential pathogens. The average number of T-lymphocytes (CD3+ cells) and mononuclear leukocytes (LCA+ cells) per mm 2 was assessed. Myocarditis was defined as the presence of > 7 CD3+ cells and/or > 14 LCA+ cells per mm 2 in the baseline EMB [18] . The PCR was performed to detect the genomic sequences of parvovirus B19 (PVB19), cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes simplex virus type 1 and type 2 (HSV-1, 2), human herpesvirus 6 (HHV-6), adenovirus (ADV), Borrelia burgdorferi (sensu lato) and reverse transcription-PCR for enterovirus (EV). In PVB19 positive samples, the viral load was expressed as the number of genomic DNA copies per µg of total extracted nucleic acids.
Echocardiography was performed using the Vivid E9 (GE, Milwaukee, WI, USA) machine and M5S probe according to current guidelines [22, 23] .
The follow-up admission for performing physical examination with evaluation of functional status, endomyocardial biopsy, echocardiography and laboratory studies (natriuretic peptides in serum) was planned in 6 months ± 14 days. Follow-up echocardiographic examination was performed by the same physician as the initial evaluation.
Statistical analysis
Monitored parameters were described using descriptive analysis and initial values were compared with the values observed after 6 months. Results are presented as an average value with standard deviation and as a median value (25 th , 75 th percentile). Because most of the monitored parameters do not show a normal distribution (Shapiro-Wilk test), non-parametric tests were performed. The change in each parameter after 6 months from the beginning was evaluated using the paired Wilcoxon test. The Mann-Whitney test was used for comparison of parameters between groups of patients. All analyses were performed at the 5% significance level (i.e. p < 0.05 were considered statistically significant).
Results
The demographic and other characteristics of the patients are shown in Table I . Out of 54 enrolled patients, 46 (34 males and 12 females) were treated with standard heart failure medication only, 8 patients (7 males and 1 female) with immunosuppressive therapy added to the standard one.
In the group of patients receiving only standard heart failure medication, viral genome was detected in 37 of 46 patients at the baseline biopsy (i.e. 80%), and follow-up biopsy showed viral genome presence in 29 (63%) patients. According to the 6-month follow-up EMB results, in 24 of 37 initially positive patients (65%) viral genome persisted while in 13 of these patients (35%) no virus was found. Initial characteristics of these two groups did not differ significantly.
In the group with viral clearance, LVEF improved from 26.8 ±8.6% to 38.8 ±12.2% in the 6-month follow-up (p < 0.01). NYHA classification grade decreased from 2.3 ±0.7 to 1.6 ±0.5 (p < 0.01). The levels of NT-proBNP in serum decreased from 1910 ±1940 ng/l to 575 ±689 ng/l (p < 0.001). A decrease of the number of LCA+ cells from 22.5 ±14.7 to 11.3 ±5.6 cells/mm 2 (p < 0.01) and in the number of infiltrating CD3+ cells from 8.8 ±15.2 to 3.1 ±2.6 cells/mm 2 (p < 0.05) was observed. The group of patients with viral persistence showed improvement in LVEF from 26.5 ±7.4% to 44.9 ±11.2% (p < 0.0001). NYHA class classi- Table II .
The most frequent virus in EMBs was PVB19: at the baseline it was present (isolated or in combination with other viruses) in 33 of all patients (72%), and the number of PVB19 positive patients decreased significantly to 23 (50%) at the time of the follow-up biopsy (p < 0.05). At the baseline, PVB19 load was 9.4 ±10.7 copies/µg DNA (range: 0.1-28.2); at the time of the follow-up biopsy, the PVB19 load increased to 43.0 ±89.4 copies/ µg DNA (range: 0.1-386). There were no statistically significant changes in the presence of other detected viruses in the follow-up period. The viral genome distribution at the baseline and in the 6-month follow-up biopsy is shown in Figure 1 .
In the group of patients treated with immunosuppressive therapy added to the standard one, viral genomes were detected at the baseline in 5 (63%) patients and in the follow-up biopsy in 4 (50%) patients. In one of them, we found the clearance of viral genome, while in 4 patients the virus persisted. The only detected virus was PVB19. PVB19 load was 12.0 ±8.2 copies/µg DNA (range: 1-20.4) at the baseline, and in the follow-up biopsy PVB19 load was 10.5 ±10.0 copies/ µg DNA (range: 5-27.6) (Figure 2 ).
Discussion
Despite significant progress in the development of non-invasive methods such as nuclear magnetic resonance [24] [25] [26] [27] , the endomyocardial biopsy is still considered as the gold standard in diagnostics of myocarditis [28] . In addition to histological and immunohistochemical evaluation, PCR analysis is an integral part of bioptic samples' evaluation. In the past, enterovirus and adenovirus were considered as the most frequent etiology of viral myocarditis. Recently, there has been described a shift in viral spectrum [29] . Studies focused on bioptic diagnostics in patients with DCM revealed that PVB19 and HHV-6 have become the most common viral pathogens found in myocardium [4, 5, 9, 10, 30] . These data are consistent with our previous study where PVB19 was present in 56% of all patients, and in 91% of all PCR positive patients [4] .
According to our opinion, the significance of this study lies in the evaluation of biopsy samples not only at the baseline but also in a follow-up biopsy performed 6 months after the initial examination. Our previous study showed that a decrease in inflammatory infiltration in the myocardium is related to improvement in LVEF and NYHA class classification and a decrease in NT-proBNP levels [31] . In this study we focused on the evaluation of the change in viral presence and the potential impact of viral persistence on echocardiographic and laboratory parameters, and on the changes in the intensity of myocardial inflammation and functional status of patients. Recently published data showed the association between enterovirus persistence and poor long-term prognosis [17] . Similar results were presented in another study with a broader spectrum of viral pathogens, and here as well viral persistence was associated with worse left ventricle function [18] . Our study did not confirm these results. We found a significant reduction in inflammatory infiltration, improvement in LVEF and functional status in the 6-month follow-up -both in the group with viral genome clearance and the group with persistence of virus in myocardium. There were no statistically significant differences comparing these two groups. In this context, it is important to emphasize that as opposed to the previously mentioned studies [17, 18, 32] , enterovirus was not identified in our group while PVB19 in low viral load was the dominating pathogen. Interestingly, an increase of viral load occurred in the group treated with the standard therapy of heart failure despite the decrease in the number of positive findings, which is probably caused by the small sample size. Another important fact is that at the time of previous studies [18] patients were not treated with the whole spectrum of currently available pharmacotherapy of heart failure as is commonly used today. In all the patients in our study, maximum effort to bring them to optimal heart failure treatment according to current guidelines was made [19, 20] . Our results showed that the viral persistence (importantly, without enterovirus presence), at least in short-term follow-up, is not associated with worsening of echocardiographic parameters and functional status.
Our investigation also involved a few patients on immunosuppression added to standard therapy of heart failure as part of a randomized clinical trial with immunosuppressive therapy in patients with inflammatory cardiomyopathy [21] . Results of two randomized clinical trials have shown the benefit of administrating both immunosuppression therapy and standard heart failure medication in patients with chronic myocarditis [22, 33] . The TIMIC trial demonstrated the positive effect of immunosuppression on echocardiographic parameters in patients with myocardial inflammation and with absence of an infectious agent in the myocardium. In Frustaci's previous study, there was found no positive effect of immunosuppression in patients with viral presence [34] . But again, PVB19 was detected in only one patient in this study. In Wojnicz's study, the viral presence was not taken into consideration at all [33] . In our group of patients with immunosuppressive therapy, the only present virus was PVB19 in a low viral load, which was considered not to be able to create inflammation [35, 36] . We assumed that in this situation PVB19 is probably only an "inno-cent bystander" without any etiological relation to myocardial inflammation. We evaluated the change in viral presence after administration of immunosuppression therapy and compared it with the results of the group without immunosuppression. The only virus detected in the myocardium in this group was PVB19. To our best knowledge, such a study has never been published before. However, our pilot results from a small group of patients suggest that the administration of immunosuppression does not lead to a change in the viral presence or an increase in the viral load in follow-up biopsy samples. The major limitation of this study is the low number of patients, which is particularly important in the group treated with immunosuppression, and which makes it impossible to perform a statistical analysis in this group of patients. We need to emphasize that in almost all positive bioptic findings PVB19 was present (and in all patients with immunosuppression). Because of contradictory opinions regarding its pathogenicity, it is not certain whether we can apply our findings to the presence of other viruses. In this respect, our pilot data provide new information about viral presence in patients with ICM that have not been published before. The proposed further follow-up of this group, as well as extending the number of patients, will bring more accurate information in the future. Better understanding of the role of viral persistence in the myocardium and the impact of immunosuppression could provide more precise prognostic stratification and thus contribute to more appropriate therapeutic decision making.
In conclusion, a decrease in the number of positive PCR findings in control EMB was observed. However, no significant difference was observed between the groups with viral clearance and with viral persistence in clinical and laboratory results or in the clinical development. Our results suggest that viral persistence did not affect further development of the disease in short-term follow-up.
